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SUMMARY 
The results of a wind - tunnel investigation of a series of models of 
nine related horizontal tails have been summarized to provide basic design 
information; to indicate the effects of aspect ratio, sweepback, and 
changes in the Mach number ; and to provide experimental values of the lift 
and hinge -moment parameters for comparison with values computed by a 
method employing lifting- surface theory . The models had aspect ratios 
from 2 to G, angles of sweepback of the quarter -chord line from 5 . 70 to 
45 0 , a taper ratio of 0 .5, and had 30- percent - chord, sealed, plain flaps . 
The Mach number was varied from 0 . 12 to 0 .94 for Reynolds numbers of 2, 
3, or 4 million . Also, a constant - chord airfoil having the NACA 64A010 
section and completely spanning the wind tunnel was tested at a Mach number 
of 0 .12 . Ttis airfoil had the same section and flap - chord ratio a the 
nine horizontal-tail models . 
Satisfactory correlation was obtained between the low- speed experi -
mental values of the lift and hinge -moment parameters and the computed 
values. Extension of the method employing lifting- surface theory to high 
subsonic Mach numbers through an application of the Prandtl- Glauert rule 
yielded variations of the lift parameters with Mach number which were in 
good agreement with the experimental results at Mach numbers less than that 
for lift divergence . The predicted values of t he hinge -moment parameters, 
however, did not agree with the experimental results at Mach numbers 
approaching the divergence Mach number . 
I NTRODUCTION 
An investigation of t he aerodynamic characteristics of horizontal 
tails has been undertaken by the NACA to provide basic design information 
lSupersedes recently dec l assif i ed NACA RM A51G31a by Jules B. 
Dods, Jr ., and Bruce E. Tinling , 1951. 
I 
I 
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and to provide experimental results which could be used to determine 
the accuracy of theoretical procedures for estimating the lift and 
hinge - moment parameters . References 1, 2, and 3 have presented 
detailed results of tests , conducted in the Ames 7- by lO-foot wind 
tunnels and the Ames 12-foot pressure wind tunnel , of a series of 
horizontal - tail models having aspect ratios from 2 to 6 and either 
having the hinge line normal to the plane of symmetry or having 350 
or 450 of sweepback of the Quarter -chord line. A comparison of the 
lift and hinge -moment parameters evaluated from theory with those 
obtained experimentally was presented in reference 4. 
The purposes of the present report are: to combine the basic 
design information available in references 1, 2, and 3; to summarize 
the experimental and the theoretical variations of the lift and hinge-
moment parameters with aspect ratio and sweepback at a low Mach number; 
and to show the effects of changes of the Mach number on these para-





elevator hinge -~oment coefficient (elevator hinge moment) 
2QMA 
che section hinge-moment coefficient (section hinge moment) 
2 Q( ce') 
CL lift coefficient (lift) 
QS 
c1 section lift coefficient (secti~~ lift) 
6P pressure coefficient across the elevator nose seal 
Q 
( pressure below seal - pressure above seal) free-stream dynamic pressure 







aspect ratio (2i 2) 
speed of sound, feet per second 
lateral dimension of the semi span models , measured perpendicular 
to the plane of symmetry, feet 
lateral dimension of the constant - chord model , f eet 
chord of the models measured parallel to the plane of 
symmetry, f eet 
c ' chord of the models measured perpendicular to the sweep 
r eference line of the swept -back models (c ' equivalent to c 
for the unswept models) , feet 
mean aerodynamic chord feet 
ce
l ctord of the elevator behind the hinge line measured perpendi cu-
lar to the hinge l i ne , feet 
1,: Hach number (~ ) 
l.lA moment about t he hinge line of the elevator a r ea behind the 
elevator h i nge line , f eet cubed 
q free-str eam dynamic pressure , pounds per square foot 
Reynold::; number (~) 
\ ~ 
S .3cmsr-an hurizontal - tail a r ea , squar e feet 
J veloc i ty of air, fc~t ~cr second 
3 
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y lateral distance normal to the plane of symmetry, feet 
a corrected angle of attack, degrees 
ao corrected section angle of attack, degrees 
au uncorrected angle of attack, degrees 
De elevator deflection measured in a plane normal to the 
elevator hinge line, degrees 
Ot tab deflection measured in a plane normal to the tab hinge line, 
degrees 
A angle of sweepback of line joining quarter-chord points of wing 
section, degrees 
~ taper ratio (ratio of tip chord to root chord) 
~ absolute viscosity, slugs per foot-second 
p density of air , slugs per cubic foot 
Parameters 
= ( dChe) (measured through a=O or ao=O) 
dao oe=o 
ChO 
= ( dChe) 
cho = (d
Che) (measured through oe=O) 
dOe dOe 
a=o ao=o 
(dCL) c1ao = Gc 1) (measured through a=0 or 0.,0=0) CL = a do., ao De=o 
oe=o 
CLo ( OCL) c10 =~?) (measured through ° e=O) dOe 0.,=0 dOe 0.,0=0 
The subscripts outside of the parentheses represent the factors 
held constant for the measurement of the parameters. 
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MODELS 
The horizontal-tail models tested during this investigation ea~h 
had a taper ratio (ratio of tip chord to root chord) of 0.5. The 
aspect ratios, angles of sweepback, and elevator hinge locations for 
these models are given in the following table: 
Sweepback Hinge-bracket location, percent 
Aspect (deg) semi span 
ratio 7- by 10-foot 12-foot pressure Reference Hinge 
wind-tunnel wind-tunnel line line 
models models 
2 16.7 0 82 - - - - - - -
2 45.0 35.1 82 - - - - - - -
3 11.3 0 82 - - - - - - -
3 35.0 26.6 82 - - - - - - -
3 45.0 38.7 -- 50. 2 and 90.6 
4.5 7.6 0 82 28, 81 and 95 
4.5 35.0 29·5 82 34, 80 and 96 
6 5.7 0 82 - - - - - - -
6 35.0 31.0 38 and 82 - - - - - - -
The geometry of ea~h model is shown in figure 1. In addition to 
the horizontal-tail models, a 3-1/2-foot-chord airfoil with no sweep-
back that completely spanned the 7-foot dimension of the 7- by 10-foot 
wind tunnel was tested. This airfoil had the NACA 64A010 section and 
5 
a 30-percent-chord, sealed, plain flap. The coordinates of the NACA 
64A010 airfoil section are presented in table I. The horizontal-tail 
models which had no sweepback of the hinge line had the NACA 64A010 
section parallel to the plane of symmetry. The horizontal-tail models 
which had either 350 or 450 of sweepback had this section perpendicular 
to the sweep reference line. The sweep reference line was chosen as 
that line which joined the quarter-chord points of the NACA 64A010 air-
foil sections. The models with the hinge line normal to the plane of 
symmetry (referred to in this report as the unswept models) had some 
sweepback of the sweep reference line. To be strictly consistent, the 
NACA 64A010 airfoil sections should have been placed normal to the 
sweep reference lines of the unswept models. However, since the angle 
of sweepback involved was small, the aerodynamic effects resulting from 
this inclination of the NACA 64A010 airfoil section to the sweep refer-
ence line were probably negligible. 
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TIle tip shape of each model was formed by rotating the airfoil 
2ection about a chord line inboard of the tip a distance equal to one -
half the ~~imum thickness of the tip airfoil section. 
All the models had 30 -percent- chord, sealed, plain elevators and 
two of the models (fig . l(e)) were equipped with tabs . The 30-percent-
chord ratio of the elevator was maintained in the planes of the NACA 
64A010 airfoil sections . The details of the elevator balance chambers 
are shown in figure 1 . The elevator hinges divided the balance chamber 
into separate sections . Seals were fitted closely at the ends of each 
section to reduce the leakage to a minimum. 
TESTS 
:::>de 18 of all the tails , with the exception of the tail having an 
aspec t ratio of 3 and 450 of sweepback , were tested at low Mach numbers 
in the Ames 7- by 10-foot wind tunnels at a Reynolds number of 3 milli on. 
The tests in the Ames 12 -foot pressure wi nd tunnel of the horizontal-
t a il models having an aspect ratio of 4 . 5 were conducted at a Reynolds 
number of 2 million , and the tests of the model havi ng an aspect ratio 
of 3 and 450 of sweepback were conducted at a Reynolds number of 4 mil -
lion. The maximum test Mach numbers were 0 . 88 and 0 . 94 for the unswept 
and the swept -back horizontal tails , respectively. 
The semispan models were mounted vertically with the wind- tunnel 
f100r serving as a reflection plane as shown for typical models in 
figure 2 . The turntables upon which the models were mounted were 
directly connected to the force -measuring apparatus . The elevator 
h inge moments were measured with resistance - type electric strain gages 
whice were beneath the turntable cover plates . 
CORRECTIONS TO DATA 
All the data have been corrected for t he effects of tunnel -wall 
i nterference . The corrections to t he data from the 7- by lO -foot wind 
t unnel s were computed by the methods of references 5 and 6. The cor-
~e 2tions to ,he data from the 12-foot pressure wind tunnel were computed 
by tee me t hods of references 7 and 8 . In the application of the method 
~f r e f er ence 7, the t heoretical span loadings for incompressible flow 
were caL:ulated by the method of r ef er ence 9 . 
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RESULTS AND DI SCUSSI ON 
The results of low- speed t ests of the 3-1 / 2 - foot -chord airfoil 
having the NACA 64A010 section and having a 30 -percent-chord, sealed, 
plain flap are presented in figure 3. The results of tests of the nine 
related semispan model horizontal tai ls having the same airfoil section 
and differing only i n aspect ratio and sweepback are presented i n 
figures 4 to 20. The lift and h i nge -moment characteristics are sum-
marized in figures 21 to 24 . The eff ectiveness of a tab in reducing 
the elevator hinge moments for a range of Mach numbers is presented in 
figure 25 for the model s havi ng aspect rati os of 4 . 5 . An index of the 
figures presenting the results i s gi ven i n the appendix. 
Information not presented herein but which is available in refer-
ences 1, 2, and 3 shows the effects of standard leading-edge roughness , 
tne effects of removal of the elevator nose seal , the effects of varia-
tion of the Reynolds number , and the pitching-moment characteristics. 
In addition, the drag characteristi cs are available in references 2 and 
3 for the three models tested in the 12 -foot pressure wind tunnel. The 
pr~ssure distribution at the midsemispan and the tab hinge momento have 
also been given in reference 2 for the two models having an aspect 
ratio of 4.5. 
The following discussion covers f i rst the effects of sweepback and 
as~ect ratio at a low Mach number , and then the effects of changes of 
the Mach number for the three models which were tested throughout the 
subsonic l>-1ach number range . 
Effect of Sweepback and Aspect Ratio at Low ~ch Numbers 
Lift and hinge-moment parameters .- The data presented in figures 3 
through 11 were obtained in the 7- by 10 -foot wind tunnels. These 
results are summarized in f:igure 21 to show the effects of variations 
of swee~back and aspect ratio upon the lift parameters CLa and "CL6 , 
and on the hinge -moment parameters Cha and ChQ ' For convenience , 
the numerical values are also listed in table I I. These data summarized 
in figure 21 and presented in table I I were obtained at low subsonic 
.~ach numbers . Because of the nonlineari ties in the lift and hinge -
r::Jol!J.ent data, the s lope parameters are valid only for a small range of 
angles of attack and of elevator deflections near 00 • The theoretical 
values presented were calculated by the method recommended in reference 4. 
The correlati on between the parameters as evaluated from theory and by 
0xp~riment is considered to be reasonably good. As ShOWYl in figure 21 , 
tte lift and hinge -moment parameters have an orderly variation w.1. th 
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both aspect ratio and sweepback. The lift parameters CLa and CL5 
increased as the aspect ratio was increased and were reduced in magni-
tude as the angle of sweepback became larger. The numerical values of 
the hinge-moment parameters Cha and Ch5 became more negative with 
increasing aspect ratio. The numerical values of Cha also became 
more negative with increasing sweepback. The values of Ch5 , however, 
were reduced in magnitude with increasing sweepback. The experimental 
lift and hinge-moment parameters from the Ames 12-foot pressure wind 
tunnel for Mach numbers comparable to those of the 7- by 10-foot wind 
tunnels a r e listed in table II. The lift and hinge-moment parameters 
from the Ames 12-foot pressure tunnel are in satisfactory agreement 
with those from the 7- by 10-foot wind tunnel with the exception of 
the value of Ch for the unswept model having an aspect ratio of 4.5. 
a 
This difference between the values of Cha from the two facilities 
exists only at angles of attack near zero. Between 20 and 40 angle of 
attack , the value of Ch is -0. 0020 from either wind tunnel (figs. 8(b) 
a 
and 16(a)). 
Pressure coefficients across the elevator nose seal.- The pressure 
coefficients across the elevator nose seal presented in parts (c) of 
figures 3 to 11 are useful in the design of sealed, internal, aero -
dynamically balanced elevators. l The rate of change of pressure coef-
ficient across the elevator nose seal with elevator deflection was 
nearly independent of aspect ratio for both the unswept and the swept-
back horizont al-tail models. A Sizable difference was noted, however, 
in the rate of change of pressure coefficient across the elevator nose 
seal with elevator deflection between the unswept and t he swept-back 
models . For example , it was about 25 percent less for the models with 
350 of sweepback than for the models without sweep. From the limited 
information available for the 450 swept-back model it appears that an 
additional 15-percent reduction should be expected at this higher angle 
of sweepback. The models without sweepback having aspect ratios of 3, 
4.5, and 6, and also the swept-back mode l having an aspect ratio of 6 
tested in the 7- by 10-foot wind tunnels had abrupt losses of balancing 
pressures at moderate elevator deflections. (See figs. 6(c), 8(c) , 
10(c), and ll(c).) The reason for these losses of balancing pressure 
is not known. Tests in the 12-foot pressure tunnel of the models having 
aspect ratios of 4.5 did not show such an abrupt loss of balancing pres-
sure. Attempts to explain this discrepancy have shown that it cannot 
be definitely ascribed to the difference in balance-chamber volumes or 
to the number of compartments in the balance chambers. 
1 For a discussion of the deSign procedure see reference 10. 
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Effects of Mach Number 
The results of tests of three models in the Ames l2-foot pressure 
wind tunnel are presented in f i gures 12 to 20. The variations of the 






, and ChB with Mach 
number are presented in figures 22 and 23. These figures also show 
the theoretical effects of compressibili ty on the lift and hinge-moment 
parameters calculated from the method recommended in reference 4, modi-
fied by application of the Prandtl-Glauert rule. The details of this 
procedure are given in reference 3. 
Measurements of the static pressure on the walls of the tunnel 
test section taken during the tests of the model having an aspect ratio 
of 3 and 450 of sweepback indicated that for some test conditions the 
local Mach number was greater than 1.0 at the wall opposite the upper 
surface of the model. The data obtained under these conditions are 
indicated by dotted lines because their validity is ~uestionable. 
Lift.- The lift parameters CLa and CLB are presented as func-
tions of Mach number in figure 22. Comparison of the theoretical and 
experimental values of the lift parameters indicates good agreement up 
9 
to the Mach number where a reduction in elevator or stabilizer effective-
ness occurred with further Mach number increase. This Mach number will 
be referred to as the divergence Mach number. 
The divergence Mach numbers for CL were approximately 0. 85 and 
a 
0.93 for the unswept and the 350 swept -back horizontal tails, respec-
tively. The Mach number for divergence of the elevator-effectiveness 
parameter CLB was approximately 0.85 for both the 350 swept-back and 
the unswept horizontal tails which had aspect ratios of 4.5. With fur-
ther increase of Mach number, the rate of decrease of C~ was much 
greater for the unswept horizontal tail than for the horizontal tail 
having 350 of sweepback. The lift-effectiveness parameters of the 450 
swept-back horizontal tail having an aspect ratio of 3 continued to 
increase with increasing Mach number up to the maximum test Mach num-
ber, 0.94. 
Hinge moment.- The variations of the hinge -moment parameters Ch 
a 
and Cho with Mach number are presented in figure 23. These data show 
that except for the horizontal tail having 450 of sweepback, applica-
tion of the Prandtl-Glauert rule to calculate the hinge-moment para-
meters does not yield reliable results at the higher Mach numbers. For 
the two horizontal tails having an aspect ratio 4 0 5, the predicted 
variation with Mach number of Cha and CbB does not agree with the 
test results at Mach numbers approaching that for lift divergence. It 
should also be noted (see figs . 16 and 19) that the measured values of 
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Cha and Chc are not truly indi cati ve of the h i nge -moment characteri s -
tics at Mach numbers near that for diver gence of the elevator-
effectiveness parameter CLc ' since , at these Mach numbers , the slopes 
of the hinge -moment curves vary considerably with angle of attack and 
with elevator deflection . 
The variations of the hinge -moment coefficient with Mach number 
for various elevator deflections or angles of attack are summarized i n 
figure 24 . These data show that the Mach numbers at wh i ch abrupt 
changes in the elevator hinge -moment coefficients occurred wer e depend-
ent upon the angle of attack and the elevator deflection . Comparison 
of the data from tests of the three model horizontal tai ls indicates 
that an increase of sweepback delayed these abrupt changes to higher 
Mach numbers . 
Balancing pressure coeff i cient across the elevator seal .- The 
variation of the pressure coefficient across the el evator nose seal 
with elevator deflection i s shown in figures 14, 17, and 20 . Measured 
through 00 elevator deflection, the rate of change of pressure coef-
ficient across the elevator nose seal became greater with increasing 
Mach number . However , the range of elevator deflections for which 
the rate of change of pressure coefficient across the elevator nose 
seal with elevator deflecti on was markedly positive progressively 
diminished as the Mach number was increased . These results indicate 
that the ba l anc ing effect obtained from a sealed internal aerodynamic 
balance would become greater as the Mach number is increased. However , 
the r ange of elevator deflections for which a large balancing effect 
would be realized would diminish with increasing Mach number . 
Tab effectiveness .- The tab -effectiveness data from tests of the 
horizontal tails having aspect r atios of 4.5 are summarized in figure 25 
where the increment in elevator hinge -moment coefficient due to tab 
deflection is presented as a function of Mach number . These data show 
that, for 00 elevator deflection , the effectiveness of the tab was 
little affected by increases in the Mach number over the range investi -
gated . At negative elevator deflections of 60 or greater , however , the 
tab was not effective when deflected more than 100 at a Mach number of 
about 0 . 88 for the unswept horizontal tai16 and at a Mach number of about 0 . 94 for the horizontal tail with 35 of sweepback . 
Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
10ffett Field, Calif . , July 31, 1951 
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APPENDIX 
INDEX TO THE DATA IN TIITS REPORT 
LIFT AND HINGE-MOMENT CHARACTERISTICS 
Model Results M R Figure presented (million) number 
Two-
dimensional c 1 vs 0.0 0.12 3.0 3(a) 
1 




D.p/ca. vs De 3(c) 
A,2junswept CL vs a. .14 4(a) 
Ch vs a. 4(b) e 
\V D.p/ca. vs De 4(c) 
A,2; A, 450 CL vs a. 5(a) 
1 
Ch vs a. 5(b) e 
D.p/CJ. vs De 5(c) 
A,3junswept CL vs a. .17 6(a) 
1 0 
Ch vs a. 6(b) e 
tsp/ca. vs De 6(c) 
A,3j A ,35 CL vs a. 7(a) 
1 
Ch vs a. 7(b) e 
D.p /ca. vs De \,II 7(c) 
A,4.5junswept CL vs a. .21 8(a) 
1 0 
Ch vs a. 8(b) e 
tsp/ca. vs De S(c) 
A,4.5f' 35 cL vs a. 9(a) 
Ch vs a. 9(b) e 
D.p/ca. vs De 
\ 
9(c) 
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LIFT AND HINGE-MOMENT CHARACTERISTICS (CONTINUED) 
Model Results M R Figure presented (million) number 
A, 6; unswept CL vs a. 0.23 3.0 10(a) 
1 Che vs a. l Oeb) 6 P/q vs Be 10(e) 
A,6; /I ,35° CL vs a. ll(a) 
1 Ch vs a. ll(b) e 6P/q vs Oe \I II ll(e) 
A,3; A, 45° CL vs a. .25 4.0 12(a) 
1 
. 60 12(b) 
. 80 12(e) 
. 85 12(d) 
. 90 , . 92 
.94 12(e} 
Ch vs a. .25 13( 8.) e 
. 60 13(b) j . 80 13(e) . 85 13(d) . 90 13(e) 
. 92, . 94 13(f) 
6P/q vs Be .25 14(a) 
1 
.60 14(b) 
. 80 14(e) 
. 85 14(d) 
.90, 
" 
. 92 , .94 14(e) 
A.4.5;unswept CL vs a. .21 2. 0 15(a) 
1 
. 60 15(h) 
. 80 15(e) 
. 85 15(d) 
. 88 15(e) 
Ch vs a. .21 16(a) e 
. 60 16(b) 
1 . 80 16(e) \ . 85 16 (d) 
.88 \ 16(e) 
- - ---- --~ 
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LIFT AND HINGE-MOMENT CHARACTERISTICS (CONCLUDED) 
Model Results M R Figure presented (million) number 




. 85 17(d) 
. 88 17(e) 
A,4. 5;A,35° CL vs a .21 18(a) 
1 












6.p/q vs De .21 20 (a) 
1 
.60 20(b) 





V . 94 20(f) 
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SUMMARY FIGURES 
Model Result s pr esented Figure 
number 
All CL and CL 
a. 0 vs A 
21(a) 
All Ctl,a. and Cho vs A 21(b) 
A, 4. 5 junswept CLa. and CLo vs M 22 
A, 4. 5jA, 35° 
A, 3jA, 45° 
l Ch and Ch vs M 23 a. 0 ~ vs M- oe :::::: 0° 24 (a ) , e Che vs M- a. :::::: 0° 24 (b ) , 
A, 4. 5j unswept 6~ due to tab deflection vs M 25 e 
A, 4. 5j A, 35° 
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TABLE I. - COORDINATES FOR THE NACA 64A010 AIRFOIL SECTION 
[All dimensions in percent of chord] 




























L.E. radius, 0.687 
T.E. radius, 0.023 
I 
I 
TABLE 11.- SUMMARY OF LOW-SPEED EXPERIMENTAL AND THEORE~ICAL LIFT AND HINGE-MOMENT PARAMETERS 
[NACA 64AOIO airfoil sectionja elevator-chord r atio , 0 .30 j taper ratio,A = 0. 501 
Model 
Aspect Angle 









4.5 7 . 6 
4 . 5 35 





0 . 040 0 . 043 
. 041 . 040 
. 053 . 055 
. 053 . 052 
c . 049 . 048 
. 066 
. 067 
c . 063 
. 061 
. 060 
c . 059 
. 074 . 075 
. 065 . 065 
C1. = 0 .108; 
0.0 
Lift and hinge -moment parametersb 
CLB Ch 0. 
Experiment Theory Experiment Theory 
0 . 029 0 . 024 -0 .0002 -0 .0001 
. 021 . 020 -.0016 -.0016 
. 037 . 033 -. 0010 -. 0011 
. 028 . 028 -.0014 -.0021 
c . 025 . 023 c -. 0028 -.0026 
.045 
. 040 -.0020 -.0023 






c . 032 c -. OO25 
. 050 . 045 -. 0030 -. 0033 
. 034 . 033 -. 0032 -.0040 
c'l B 0 . 065; Ch -0.0057; 0.0 
bMeasured through 00 angle of attack and 00 elevator deflection. 
ChB 
Experiment Theory 
-0 . 0071 -0 . 0079 
-. 0068 -.0054 
-.0085 -.0086 
-. 0076 -. 0069 
c 
-.0066 
-. 0056 I 
-.0093 




c -. oo80 
-.0102 
-. 0099 
-. 0082 -. 0076 
chB -0 . 0114 
~ 













Elevator area, 3 .025 (t 2 
Semlspan area, 10.083,,2 
C, 3.293 ff 
AI/ dim,nsions in inchlS . 
Thl NACA 64A 010 airfoil Slction is paral/,I 
to s,ction A-A . 
I 
Aspect ratio 2 
A 45 0 , 
Elevator area, 2 .324 fl2 
Semlspan area, /0.083 ff2 
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Figure I.-Continued. 
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(a) The 45° swept-back model of aspect ratio 2 
in the 7- by lO-foot wind tunnel. 
(b) The 35° swept-back model of aspect ratio 
in the l2-foot pressure wind tunnel . 
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NACA TN 3497 
.32~~~~~~-~1,\~~~~-+-+-+-+-+~ 
.281-----+--+-/. +f-fL--+L~--+-~---=r-V--+-±!-\\+-t---+--+--+--t-+-t---+---l 
-. 12 -8 _ 4 0 4 8 12 16 20 24 
Section angle of affack,aOI deg ~NACA 
(b) Section hinge-moment coefficient. 
















































-24 -16 -8 o 
















Fraction b' II I 
-.25 / 
--- .50 V / 




8 -24 -16 -8 o 8 -24 -16 -8 
Elellotor deflection I Be I deg 
(c) Pressure coefficient. 
II 
/ 


































-1.2 ~ <:l ~ 
~ 





































yl/" .' X'~ 
.A"~ P'J.-G' . '" ~ ~~r-4 
8 IL~~>~W ' ~~~ 
d~~ I/: ~ ~ rd- 'ft"l,r:t!-~ ~ ~ 
t, 6 IY ~; ~ r./ V ~!r'J>Y '0 "~~~ 
~ ; IP" ~~W'V ~~ ~ u.--f-~ ~~ 
~ _ ~ ~~p/ ~ ~ i'i;V '" lY ~f---- b-~ 
o -4 /ty~V~~ ~V/ l' 1../ ~¥ 
~ = ~ r/V-::~/~~ /g'%~ V / 
:~ ~~~~~/~~ /~ 
~~ ~~V~~~~~ VV 
! ~~g V/r;j~t/' V V::!./,V V 
./~[~~~V ~VJV / V 
./~ ~t:-{~ /Vl/) 1./) 
~ ~ ~ ~t/L;:!0 ~ l/./ 
A~fjd~~[,{L2t7 Vl./ ~~~ ~~~~V~~V~~~ LJj 
! ~~~ ~ -1U~ ~ ~r? ~ ~ !,;~ i l----+-+-+-+-
... ~ ~~. -" 0. ~~!/{ ~~ )l<'t;;..( . 1--+--1--+--1--
~ \7 f"_ ":'.:'[)" ~ ~l;tvr A = 2 f-t-+--+-~ 
I ~ ~PI ~ l"i: t- ~19l)? LI" 
~ :/"j)"'V 
l~~ IY [...( 
1\'il7~ 
__ rw ~-
-32 -28 -24 -20 -/6 -/2 -8 -4 0 4 8 /2 /6 20 24 28 32 
An9/~ of attack, a, d~9 
(0) Lift coefficient. 























































'\ I' I ~ 
K ,
1\ l' 'I>... t'\ 1,\ 'k I""-- ....... 
" 




t\. \; .\ ~ 
~ 1,\ ~ \\' ....... ...... 
~ ['b.. l\: ~-.. i""-
~ b-r'h ~ ~ r-..... ""-
~ ~['Q 1\"1 i' "'-
~~ ,1 l~ r-... 
" 
" 
~ ,\ ,0... ~ I'- ...... 
iV' ,\ ,D., "n '" 1'0. 
\'\ ,'" 'u "b. I'u 
.~ 
"' f ........ 1'-0 I\, 0- '-6.. [""<l N 
8, .... ........ """~ 
















....... r-.r H 
~ ..... \ 
..... ~ .. 
~ ..., ..... , 
\ i" t---. 
"'" ....... ~ '--"-k ~ ......, '4.. 
~ ~ ~ '- "-~ \ 
"-r--... r--.. ..... ~ ..... 1\ 
... 1'-", r--. "-~ Il. 
..... 




~r-.. "'-p..,. f... ...... "It ~ _\ 
"0 




...... p..... ...... \\ .. 
~ .- c-. f-.. kl. 'U.... '0\ \\ I' \ In 
-6 Ij... ,.". I"'" fa.. 
'" 
~\ l'\ ' .... 
16... "'-. , I ...... Iu. .......... "-.~ \ ~ 
....... 
1""- i'n. ~ 11"~ 1"( 
I~ k 1'0.. "- ,\ ~ 
"" 




~ ~) ~ 
~ "'-
~ 
-32 -24 -16 -8 o 8 16 24 
Angle of ottock, a, deg 
(b) Hinge-moment coefficient. 
Figure 4. - Continued . 
29 
I-'~ 





"$: ~ . 
~ 
,(so 'O-~ 





.4 . ~ ~ ~ 
~I~ 0 
.. 























a,,-4· / /' a" 4· 1/' 
d a_ov l~ LI 
// I' /; , /j" 
,/ r/ /' ;/ V / 
V j // J ,/ I , 
V' V' I~ V f lJ 7 if f7 
ll' j, tI' / ,I 1/ l' I'" a·8· 
" 
r • , a"/6· W a-/2 ~ J 
" II / , II ,/ I( 
l/j / V/ [7 17 
V 
" 
./ J~ ,/ j 
,/ 1/ / V ~ 
" 
... 
V J I~ I V 1/ .I 
II 1-6 ~ ~ j a-28 ~ If'/ ,-
I a·20 / If' 1/ a "24 ~ ., A 1(/ 





-.4 ~ ll: 
/ 1:1 Ln ./ f? Slalion /' rI' ,/ /) V 'j ylb V j I---" )1 ". -.2/ ." 41 II' IJ' --- .45 [1 -.- .74 
- .8 I 
-1.2 
-/6 -8 o 
Figure 4. - Concluded. 
A=2 
---- .9/ W 
8 -24 -/6 -8 o 8 -24 -16 -8 
Elevator deflection I Be' deg 
(c) Pressure coefficient. 
~ 































































..... .2 ~~~v.1" :f"/V 
~ 0 ~~~~V~ Y 
~ ~ 0j ~~v..l7'/ //' 8e -----1 
~ - .2 /~~~~ -" / /y geq 6 -------i 
~ /. %~~f? /'.JjV 6 4 
-------i 
;: _ 4 /. % ~ ~t/';V /' ./ / 0 2 -------i 
.::J . % ~ ~~v J>V ~V 0 0 
K~ I": "ltV roO -2 -------i 
- 6 ll"~r.I. v..< /"l/v ~ () -4 --
. A /,d,"1 ~~ /'/VV D. -6 __ 
~~ /'~ ~'i/v..V v -9 
- .8 .~ ~ ~~ ~I'/~Vc; V I> - I I --
Ii ~ k~~ ~~ '"I/'.VA" v -15 - -- 1.0 . ~ ' :X: ~v 'tE / ~ -20 - -I -;:- ~ <Z::: :V fY '/ r, -I' Ll -2 5 ~ ~ ~~~~~ 0 -30 -I I 
- 1.2 ~~ ~~ftY I I I 
" 0-... !7 ~------i 
A: 2 
.4 1 1 1 1 1 
-14 
. - 36 - 32 - 28 - 24 - 20 - 16 -12 - 8 - 4 0 4 8 12 16 20 24 28 32 36 
Angle of attock, a, deg 
(a) Lift coefficient. 
Figure 5.- Lift and hinge-moment characteristics of the 45 0 swept-back model of aspect ratio 2 . 
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Figure 6.- Lift and hinge-moment characteristics of the unswept 
model of aspect ratio 3. R, 3.0 x 10 6,. M,O.l7. 
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Figure 7.- Lift and hinge-moment characteristics of the 35 0 swept-bock 
model of aspect ratio 3. R, 3.0x 10 6 ; M, 0.17. 
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Figure 7. - Continued. 
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Figure 8.-Lift and hinge -moment characteristics of the unswept 
model of aspect ratio 4.5. R, 3.0 x 10 6 j M, 0 .21. 
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.8 
Figure 12.-Continued. 
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Figure 13.- The variation of elevator hinge-moment coefficient 
() 
with angle of attack for the 45 swept-back model of 
aspect ratio 3. R, 4.0 x 10~ 
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Figure 21.- Comparison of the low- speed experimental and theoretical 
values of the lift and hinge-moment parameters as a function of 
the aspecl rolio. R, 3.0 x 10 6. 
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Figure. 25.- The variation of the increment of elevator hinge-moment coefficient due to tab deflection wtlh 
Mach number for the unswept and the 35 0 swept-back models of aspect ratia 4.5 au =0 OJ R, 20 x 10 6. 
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